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Using the combined techniques of Rheinwald and 
Green, and Liu and Karasek, large quantities of prolif-
erative keratinocytes from involved (PP) or uninvolved 
(PN) skin of psoriatic patients and from normal skin of 
non-psoriatic donors (NN) can be obtained. Primary cul-
tures, initiated from a 6-mm punch biopsy, are grown on 
a 3T3 feeder layer seeded on a collagen surface and fed 
with Dulbecco's Modified Eagle's Medium containing 
20% fetal calf serum, hydrocortisone, epidermal growth 
factor, and cholera toxin. To test the hypothesis that the 
mechanism(s) responsible for the abnormal proliferation 
of psoriatic keratinocytes may be located within the cells 
themselves, primary cultures are passaged onto collagen 
surfaces without a feeder layer and maintained with 
medium plus serum, but no additional supplements, and 
the growth profiles of the 3 cell populations compared. 
No difference in morphology among these cells is ob-
served in either primary or passaged cultures. In pri-
mary cultures, PP keratinocytes, especially those iso-
lated from active lesions, seem to initiate growth at a 
slower rate than do PN and NN keratinocytes. The dif-
ference in the growth rate, as determined by cell number, 
DNA content, and mitotic activity, is insignificant among 
passaged PP, PN, and NN cells. Waves observed in the 
mitotic index and the metabolic activity of the passaged 
keratinocytes from all 3 sources suggest that the cells 
are synchronized during · subculturing. The cells have 
high metabolic and mitotic activities during the first 
week after subculturing, indicative of an initial popula-
tion of actively dividing cells. 
We have not found the characteristic feature of hyper-
proliferation seen in psoriatic keratinocytes in situ, in 
the cultured cells; however, it is too early to reach the 
definite conclusion that the mechanism(s) responsible 
for psoriasis does not exist in the keratinocyte itself. 
These 3 cell types may respond differently to agents that 
either enhance or inhibit cell growth and, by using the 
culture system outlined in this report, we may study 
these factors and their potential role in psoriasis. 
Psoriasis is a disease with a genetic predisposition that is 
characterized by epidermal cell hyperproliferation and incom-
plete keratinization [1-5]. Using outgrowth culture techniques, 
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Harper's group [6] has demonstrated that psoriatic epidermal 
cells in the outgrowth sheet in an 8- to 10-day culture incorpo-
rate more CHJthymidine into DNA than do cells derived from 
normal skin. Krueger and coworkers [7] have shown that pso-
riatic grafts transplanted onto nude mice retain two histologic 
criteria of psoriatic tissue, acantheosis and parakeratosis, for up 
to 11 weeks. These two findings suggest that regulatory factors 
inherent within the cells play an important role in maintaining 
the psoriatic growth state. 
On the other hand, support for the involvement of a regula-
tory factor in psoriasis may also be found. In biopsies from 
psoriatic lesions maintained as outgrowth cultures, Flaxman [8] 
has reported that the psoriatic portion of the epidermis sepa-
rates from the explant within 7 days of culture, and the newly 
formed epidermal cells lose the morphologic features of pso-
riasis. Furthermore, the cells from the outgrowth derived from 
psoriatic tissue do not proliferate at a faster rate than do normal 
keratinocytes [5,9]. A similarity in the growth and in the syn-
thesis of fibrous polypeptides in keratinocytes isolated from 
psoriatic plaques and normal cells in vitro has also been re-
ported recently by Baden et al [10]. 
In an attempt to distinguish between a cellular defect in 
psoriatic keratinocytes and the effect of a regulatory substance, 
we have isolated keratinocytes as single cell suspensions by 
trypsinizing biopsies from involved and clinically uninvolved 
skin of psoriatic patients and from normal volunteers, and 
culturing the cells in a chemically defined medium with serum 
for up to 2 months. 
This report describes the techniques for obtaining large quan-
tities of psoriatic or normal keratinocytes from 6-mm punch 
biopsies. The growth profiles of these cells dw·ing subsequent 
passaging are also reviewed and discussed. 
MATERIALS AND METHODS 
Chemicals and Growth Media 
Sources of cu lture media, sera, antibiotics, mycostatin, culture dishes, 
isotopes, etc. were listed previously (11-13]. Cholera toxin was pur-
chased from Schwarz/ Mann Inc., Harris hematoxylin from VWR Sci-
entific, Inc.; hydromount from Bio/ Medical Specialties, Santa Monica, 
California; vinblastine from Eli Lilly; acid soluble collagen, Type III 
from calf skin, mitomycin C, and collagenase Type I from Sigma Co. 
Preparation of 3T3 Feeder La;yer 
Culture dishes (60 mm) were coated with collagen gel (2 mg/ ml) (13] 
and made into thin-gel plates as described previously (11]. Mouse 3T3 
fibroblasts, obtained originally from H. Green, were treated with mi-
tomycin-C (10 ~/ml) for 3 h in the dark to supress growth, according 
to the technique of Taichman et at (14]. After washing 3 times with 
medium (Dulbecco's modified Eagle's medium, DMEM), 3T3 cells were 
removed from the culture dish, suspended in DMEM containing 20% 
fetal calf serum (FCS), hydrocortisone (0.4 1-'g/ ml), and cholera toxin 
(0.1 1-'g/ ml) [15], and plated on the collagen-coated dishes at 40 X 10•; 
dish to be used 3-24 h after plating. 
Serial Cultivation of Keratinocytes From Biopsies 
Twenty-two patients between the ages of 17 and 62 with cluonic 
plaque type psoriasis, but otherwise in general good health, were asked 
to participate in the investigation. Using 1% Xylocaine with epinephrine 
anesthesia, 6-mm punch biopsies from involved (PP) and clinically 
uninvolved (PN) areas were removed after obtaining informed consent. 
The plaque areas had not received any treatment for at least 7 days, 
nor were the patients receiving any systemic medication for psoriasis. 
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Normal human skin (NN) was obtained from punch biospy specimens 
from healthy individuals. The biopsies of psoriatic uninvolved and 
normal skin were taken from the lower part of the back. In some 
experiments, 3 sets of cells (PP, PN, NN) were cul tured simul taneously 
to minimize the effects of environmental changes; in these cases PP 
and PN keratinocytes were obtained from the same patients. 
In severa l cases, a small section of a psoriatic plaque was fu·st 
removed and the activity of the lesion determined by histologic analysis 
of the mito tic and parakeratotic index [16]. AU skin biopsies were then 
trimmed with scissors to a thickness of approximately 1 mm, soaked in 
Hanks' balanced salt solution containing penicillin (400 units/ml) , 
streptomycin (200 1-'g/ ml) , and mycostatin (75 uni ts/ml) for 1 h at 4 oc 
and placed in a 0.3% trypsin solution in GKN (Mg++ca++ -free salt 
solution containing NaCl, 8.0 g; KCl, 0.4 g; glucose, 1.0 g/ liter) for 20-
22 h at 4 °C. Keratinocytes were released in to the trypsin solution by 
separating the epidermis and the dermis using a pair of scalpel blades 
and gently scraping the skin pieces. Cells were collected by centrifu-
gation at 1,000 g for 3 min at room temperature and resuspended in 
DMEM containing 20% FCS, hydrocortisone, and cholera toxin. Cul-
tures were initiated onto 3T3 feeder layers by plating 2-6 X 10'' basal 
cells per dish in the cases of PN and NN specimens, and 8-15 X 10''/ 
dish with PP samples. A minimum of25 x 10" basal cells were obtained 
from a 6-mm punch biopsy of uninvolved or normal skin, and 40 X 10" 
basal cells from a psoriatic plaque. 
The cultures were maintained at 37°C in an atmosphere of 5% C02 . 
Epidermal growth factor (EGF), 10 ng/ml, was included in the medium 
with the first feeding 3- 5 days after the initia l culturing. Fibroblasts, if 
any, were removed when first observed by gentle agita tion of the 
cultW'e with 3 ml collagenase (3 mg/ ml in modified Krebs buffer; 1.1 
mM NaCl, 5.4 mM KCl, 1.3 mM MgCb , 13 mM glucose, 21.3 mM Tris-
HCl, pH 7.4) at room temperature [17). Freshly prepared 3T3 cells 
were added to replace those lost along with the fibroblasts. If fibroblasts 
reappeared, they were removed by treatment with 0.02% EDTA in 
phosphate-buffered saline (PBS). 
The cells were passaged 14 days following the initiation of the 
culture. 3T3 cells and fibroblasts, if any, were removed by gentle 
agitation with 0.02% EDTA and the keratinocytes released by incuba-
tion with trypsin (0.3% trypsin, 1% EDTA in PBS free of Ca++ and 
Mg++, pH 7.3) at 37°C for 5- 10 min. The cells were washed, resuspended 
in medium, and grown in 2 different culture systems. For growth profil e 
determination, the cells were cultW'ed in the absence of a feeder layer 
on 35-mm collagen-coated dishes at a seeding density of 40 x 10" basal 
cells/dish and maintained in DMEM containing 20% FCS. Cells for 
serial cultivation were seeded onto 3T3 feeder layers on 60-mm colla-
gen-coated dishes at 10 x 10'' basal cells/dish for the first passage and 
15 X 10'1/ dish for the second, and maintained with DMEM containing 
20% FCS plus hydrocortisone, EGF, and cholera toxin. 
Determination of Growth 
The growth of passaged cells cultul'ed on 35-mm collagen gels with-
out 3T3 cells, was determined by dil'ect cell count, DNA content, and 
mitotic activity. Metabolic activity, measured by the incorporation of 
["H]thymidine and [' ''C]leucine into trichloroacetic acid (TCA) precip-
itated material, was also determined. 
Just prior to this determination, unattached cells were collected from 
each of 3 dishes, pooled, centrifuged at 1,000 g, and resuspended in a 
small volume of medium for counting. Duplicate dishes containing 
attached cells were incubated with 1 ml of medium containing 
[ 3H] thymidine, 5.0 1-'Ci/ml (6.7 Ci/mmol) with 5 fl M thymidine and 
[ 14C]leucine, 0.5 1-'Ci/ml (353.0 mCi/mmol) for 3 h. The radioactive 
medium was removed and the cells released by incubation with 1.0 ml 
of trypsin solution at 37°C for 5-10 min. The detached cells were then 
collected and made into a 2-ml single cell suspension by the addit ion of 
1.0 ml PBS. Cells were counted on a hemocytometer under phase 
contrast illumination. Three cell types may be distinguished: small , 
translucent cells, which were interpreted as germinative or basal cells; 
opaque cells; and keratinized cells [12). Basal cells attach to collagen 
substrate selectively [18]; thus, they can be separated from the differ-
entiating cells [19). These cells maintain higher metabolic activity and 
DNA repair capacity [19]. · 
DNA content was assayed by placing 2 0.5-ml aliquots of the cell 
suspension in microfuge tubes and adding an equal volume of cold 10% 
T CA. Following overnigh t precipitation at 4°C, the DNA content was 
then determined by Leyra and Kelley's diphenylamine technique [20]. 
In order to determine metabolic activity by the incorporation of 
["H] thymidine and [14C]leucine, the remainder of the cell suspension 
was precipi tated with an equal volume of cold 10% T CA, collected on 
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GF /C ftl ter paper (Whatman glass micro fiber filter) washed with cold 
5% TCA, dl'ied overnight, and assayed for radioactivity [21]. 
Mitotic activity was determined by a modification of the technique 
of Elgjo et al [22]. Cells were arrested in prophase by incubating the 
cultUl·e with 2 ml of 0.05 1-'g/ ml vinblastine in medium for 4 h. The cells 
were washed with PBS, fixed in acid/alcohol (glacial acetic acid:ethanol, 
1:3) for 10 min, and rinsed with water. The cul tures were ail' dried, 
stained with Harris hematoxylin for 10 min, and coated with hydro-
mount. The number of cells arrested at prophase was counted in 50 
microscopic fields chosen at random at 450X magnification. 
The number of mitotic cells/ 10'1 
#of mitotic cells/ field x # of fields/ dish* x 1()1 
tota l # of cells/ dish 
area of cultul'e dish 
*Number of fields per dish = f . . fi 1 = 5,055 area 0 miCrOSCOpiC Je d 
RESULTS 
Attachment and Morphology 
When freshly isolated PP keratinocytes were cultmed on a 
collagen smface either with or without a 3T 3 feeder layer, t h e 
initial attachment was as good as that seen with P N and NN 
keratinocytes under the same conditions [23). However, within 
24 h on plates without feeder layers, PP keratinocytes accu-
mulated droplets a nd d etach ed fmm th e cultme surface leaving 
empty sp aces a nd allowing fibroblasts to contaminate t h e cul-
ture (Fig 1) . In t h e presence of 3T3 cells, however, t h e floating 
masses of psoriatic cells reattached to t h e culture surface a nd 
new growth from t h e edge of cell clumps was observed within 
a few days. 
As the colony size expa nded, t h e keratinocytes took over t h e 
space occupied by t h e 3T3 cells and a clear boundru·y between 
3T 3 cells and keratinocytes was observed. In a ddition to t h ese 
colonies, PP keratinocytes also apperu·ed under the 3T3 feeder 
layer l week after plating. 
Following conflu en cy, the remaining 3T3 cells piled up a nd 
settled on top of the keratinocytes (a in Fig 2). The density of 
PP keratinocytes in th e cultme dish varied from ru·ea to area. 
The cells appeared to be smaller in compact ar eas (bin Fig 2) 
compru·ed with less compact areas in the sam e culture dish (c 
in Fig 2). The cell size, observed by phase con trast microscopy 
of th e culture dish, appeared to increase dramatically with the 
number of passages up to t h e third subculture (Fig 3). 
Keratinocytes from psoriatic uninvolved skin and normal 
skin, cultured in the sam e manner as those from psoriatic 
plaques, becam e confluen t within 2 weeks. No differen ce in t h e 
a ppearance of cells from PP, PN, and NN skin could be detected 
in the primary cultures grown on a 3T 3 feeder layer or in first-
passage cells cultured on a collagen surface alone. 
Effect of Culture Surface on Growth 
The growth of keratinocytes cultured on 3T 3 feeder layers 
can be improved by plating mitomycin C-treated 3T3 cells onto 
collagen -coated dish es prior to the addition of keratinocytes. 
Increased attachment of both 3T3 cells and keratinocyt es on 
the collagen surface compared to uncoated dishes was observed 
as shown in Fig 4. Keratinocytes attached to t h e collagen -
coated surface easily (Fig 4A), while they remained floa t ing in 
the cultme medium in uncoated plastic dish es up to 3 h after 
seeding (Fig 4B) . Likewise, keratinocyte colonies concent rated 
around the edges of the dishes on uncoated plastic dishes seeded 
with 3T3 cells, whereas they were distributed rather evenly 
when they were seeded on 3T3 cells plated on a collagen surface. 
The expansion of colonies was faster with all 3 types of keratin -
ocytes cultured on collagen smfaces in the presence of 3T3 
cells. 
Growth of K eratinocytes in the Presence of 3T3 Cells 
In compaTing the growth rate of keratinocytes from PP, PN, 
and NN skin, the number of cells produced per dish in a 2-week 
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FIG 1. Light micrographs of keratinocytes 3 days after plating on 
co llagen surface without 3T3 cells. Mme cells detach from PP keratin-
ocyte cu.lture (A), resulting in fewer cells remaining on culture dish. 
Accumulation of droplets is obvious (arrow). Cells are spreading and 
forming monolayers in PN (B) and NN (C) cultures in some areas. 
Loosely attached cells (arrows) are floating on top of the attached, 
proliferative cells. Bar= 100 Jl.m. 
period in primary and first-passage cells was estimated and is 
summarized in Table 1. In 14 cases studied, primary cultures of 
keratinocytes isolated from psoriatic plaques seemed to grow 
more slowly than those from skin from uninvolved areas of the 
same patient. Twice as many cells were produced in cultw·es 
obtained from PN and NN as compared with those from PP. 
· The difference in growth between PN and NN keratinocytes 
was insignificant (p > 0.5). The average population increases, 
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FIG 2. Phase contrast light micrographs of keratinocytes from a 
psoriatic plaque cultured with a 3T3 feeder layer on a collagen-coated 
dish after 20 days in culture. 3T3 cells (a), keratinocytes in a compact 
area (b), and in a less dense area (c). Bar= 100 Jl.m. 
calculated from the data in Table I as the total cell yield/ 
number of basal cells at seeding in keratinocytes from PP, PN, 
and NN, were 18-, 72-, and 70-fold, and the population doublings 
were 4.1, 6.2, and 6.1, respectively. The mini:rnwn seeding 
density of PN and NN keratinocytes in the primary cultw·e 
required for confluence within 2 weeks was 2 X 10'' basal cells 
per 60-mm dish. By contrast, cultures originating from PP 
required at least 8 x 104 basal cells per dish. 
In the first-passage cells grown on 3T3, the total cell yield 
was greater than 3 million cells per dish for PN and NN 
keratinocytes and 2.5 million for PP keratinocytes, with 5 
population doublings in the former and 4.5 in the latt~r during 
a 2-week culture period (Table 1). Statistically, the difference 
in the g1·owth among PP, PN, and NN keratinocytes in the 
passaged cells was not significant, with a p value over 0.5 when 
analyzed by the two-sample t-test to compare the two means. 
When further passages were attempted, growth in all cases 
was markedly reduced. The life span of keratinocytes from 
psoriatic skin (PP or PN) was not longer than that of cells from 
normal skin (Table II) . When the average number of population 
doublings was calculated, based on the data in Table II and 
summa1·ized in Table III, it indicated PP keratinocytes differed 
significantly from PN and NN keratinocytes in this respect (p 
< 0.025) in primary cultures, but not in first-passage cells (p 
> 0.4). The total number of population doublings, combining 
primary and first-passage, in PP keratinocytes was significantly 
lower than that of PN and NN keratinocytes (p < 0.005) . 
Growth of Passaged Keratinocytes Without 3T3 Cells 
In order to compare the growth profiles of PP, PN, and NN 
keratinocytes without the influence and complication of a feeder 
layer, passaged keratinocytes, cultured on collagen gel surfaces 
without 3T3 cells were used in this study. The cells were 
maintained as a proliferative population in DMEM containing 
20% FCS without hydrocortisone, EGF, or cholera toxin and 
plated at a density of 40 X 104 basal cells per 35-mm dish. The 
proportion of basal cells at the time of subculturing was g1·eater 
than 70% in keratinocytes from PP, PN, and NN skin. 
Cell number: The keratinocyte cultures from all 3 groups 
reached confluency within 1 week after plating. The total cell 
number per dish from PN and NN keratinocytes peaked at 2 
million by day 14, and 1.7 million by day 11 in PP keratinocytes 
(Fig 5A ). The rate of cell multiplication in PP keratinocytes 
during the proliferative phase was not greater than that of PN 
or NN keratinocytes as seen in situ. The slight decrease in cell 
number in PP keratinocytes after day 14 compared to that of 
PN and NN keratinocytes was not significant. 
July 1983 PSORIATIC KERATINOCYTES IN CULTURE 57 
FIG 3. Phase contrast light micrographs of keratinocytes from a psoriatic plaque cul tured with a 3T3 feeder layer on a collaged coated dish . 
Primary culture, 20 days (A), first-passage cells, 13 days (B), second-passage cells, 7 days (C) , and third-passage cells, 6 days (D). Bar= 100 fLm. 
FIG 4. Phase contrast light micrographs of keratinocytes from a 
psoriatic plaque 3 h after plating on culture dishes containing mito-
mycin C-tJ·eated 31'3 cells. 31'3 cells on collagen coated dishes (A); on 
plain plastic clishes (B) Bar= 100 fLm . 
The number of basal cells in the PP, PN, and NN cultures 
decreased steadily after plating until it reached a minimum on 
day 3. It increased rapidly during the following 7 days, reaching 
over 1 million cells per dish in PP, PN, and NN cultures (Fig 
5B). The number of basal cells decreased after reaching a peak, 
following a bell-shaped curve in all cases. Again, we did not 
observe more basal cells per dish or a higher proportion of basal 
cells at any growth stage in keratinocytes isolated from psoriatic 
plaques compared with psoriatic · uninvolved or normal skin 
cultures. 
DNA content: The growth, as determined by DNA content 
TABLE I. Growth of epidermal heratinocytes from psoriatic plaque 
(PP), psoriatic uninvolved (PN) and normal (NN) skin." 
Cell Mean No. of Days in Cell no. x 10'/dish
1
' Population 
type age patients culture 
seeding y ield doublings 
Primary Culture 
pp 42.7 14 17 10.9 207 ± 36 4.1 
PN 43.5 12 16 5.8 421 ± 47 6.2 
NN 40.8 5 14 5.8 408 ± 41 6.1 
First Passage 
pp 37.8 5 14 10 250 ± 45 4.5 
PN 36.0 6 14 10 307 ± 18 4.9 
NN 40.0 3 14 10 369 ± 110 5.1 
"Keratinocytes were cu ltured on 3T3 feeder layers plated on collagen 
surfaces and maintained with DMEM containing 20% FCS, hydrocor-
tisone (0.4 llg/ ml), EGF (10 ng/ ml) , and cholera toxin (0.1/lg/ ml). 
"3T3 cells and fibroblasts, if any, were removed before the cell were 
counted. Cell yield was expressed as mean ± SE. 
per dish, and shown in Fig 5C, closely followed the growth 
curve expressed by the tptal cell number per dish (Fig 5A). The 
DNA content after 2 weeks in culture was over 20 fLg/dish in 
keratinocytes from both PP skin and NN skin. 
Detached cells: If cultured PP keratinocytes divide and ker-
atinize more rapidly than PN or NN keratinocytes, then, in 
theory, more cells would slough off into the medium and be 
collected as a detached cell population. As shown in Fig 6, the 
accumulated number of detached cells per dish during the 3-
week growth period in PP, PN, and NN keratinocytes was 
similar, suggesting again that there was no greater rate of cell 
proliferation in PP keratinocyte cultures. 
Metabolic activity: To determine whether psoriatic keratin-
ocytes retained a higher rate of DNA synthesis following 2 
weeks in primary culture, we investigated the metabolic activity 
of the cells by the incorporation of eH]thymidine and 
[ 1"C]Ieucine per million cells into the DNA and protein respec-
tively during a 3-h incubation period. The results from 6 sepa-
rate experiments with PP keratinocytes, 8 using PN and 4 using 
NN, are summarized in Fig 7. Keratinocytes from PP, PN, and 
NN skin synthesized protein (Fig 7 A) throughout the entire 
cultme period with peak activity on day 3. The difference in 
the rate of leucine incorporation into protein per million cells 
among keratinocytes from the 3 sources was insignificant. In 
the case of thymidine incorporation (Fig 7B), keratinocytes 
from PP, PN, and NN cultures were active in salvage DNA 
synthesis between day 2 and day 8 with peaks on day 3 and day 
8, and diminished activity after day 10. The incorporation of 
[ 3H]thymidine into DNA in PP keratinocytes is significantly 
less (p < 0.1) on day 3 ~hen compared to PN and NN cultures. 
Mitotic activity: Another parameter used to determine the 
degree of cell proliferation in this investigation was to count 
the number of mitotic cells per 1000 arrested at prophase. As 
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TABLE II. Serial cultivation of epidermal keratinocytes isolated from p soriatic plaque (PP), psoriatic uninvolved (PN) 
and normal (NN) skin 
Cell no. X 104/ dish No. of population doublings 
Age of donor Cell Days in cul ture Passage no. 
Seeding Yield This passage T otal 
30 pp 14 primary 15.0 520 5.1 
7 1st 20.0 122 2.5 7.6 
10 2nd 30.0 80 1.3 8.9 
39 pp 14 primary 15.0 138 3.1 
13 1st 10.0 340 5.1 8.2 
10 2nd 15.0 106 2.7 10.9 
PN 14 primary 6.0 325 5.7 
13 1st 10.0 310 4.9 10.6 
10 2nd 15.0 100 2.6 13.2 
17 pp 14 primary 10.0 136 3.7 
13 1st 10.0 362 5.1 8.8 
10 2nd 15.0 100 2.6 9.8 
PN 14 primary 6.0 668 6.7 
13 1st 10.0 325 5.0 11.7 
10 2nd 15.0 256 4.0 15.7 
41 NN 15 primary 2.0 486 7.9 
14 1st 10.0 152 3.9 ll.8 
14 2nd 15.0 0 
30 NN 13 primary 2.2 303 7.0 
14 1st 10.0 492 5.5 12.5 
14 2nd 15.0 0 
49 NN 13 primary 2.2 390 7.4 
14 1st 10.0 232 4.4 
14 2nd 15.0 52 1.7 13.5 
18 pp 14 primary 7.2 90 3.5 
14 1st 10.0 340 5.0 8.5 
PN 14 primary 3.3 530 7.2 
14 1st 10.0 235 4.5 11.7 
14 2nd 15.0 82 2.3 -14.0 
27 PN 15 primary 16.2 170 6.5 
14 1st 10.0 250 4.5 11.0 
64 pp 17 primary 16.2 170 3.3 
14 1st 10.0 ll8 3.5 6.8 
PN 17 primary 10.8 448 5.3 
14 1st 10.0 258 4.6 9.9 
51 PP 14 primary 12.0 34 1.4 
14 1st 10.0 198 4.2 5.6 
14 2nd 15.0 2 0 5.6 
PN 14 primary 7.2 388 6.6 
14 1st 10.0 364 5.1 11.7 
14 2nd 15.0 96 2.6 13.3 
30 NN 14 primary 6.0 496 6.3 
14 1st 10.0 84 3.0 9.3 
40 NN 14 primary 7.0 292 5.3 
14 1st 10.0 190 4.2 9.5 
14 2nd 15.0 88 2.4 11.9 
14 3rd 20.0 32 1.6 13.5 
62 NN 14 primary 19.8 533 4.7 
14 1st 10.0 300 4.9 9.6 
14 2nd 15.0 104 2.7 12.3 
The culture conditions and the estimation of the total cell number are described in the text and Table I. 
shown in Fig 8, no mitosis was observed on day 1 after p lating, the time points sh own in Fig 8 in keratinocytes from psoriatic 
and the first mitotic cells were not seen until day 3 in all skin (PP and P N ) was not greater than that from keratinocytes 
cultures. Mitotic cells were not uniformly distributed in the isolated from normal skin. 
culture dish and appeared concentrated around the edge of the 
PP Keratinocytes from Different Types of Psoriatic Plaques culture dishes on day 3. There was a sudden decrease in the 
mitotic activity on day 6 with a sharp increase on day 8 in PP, We frequently observed that keratinocytes from psoriatic 
PN, and NN keratinocytes. Little mitotic activity was observed lesions, especially those from thicker plaques, either did not 
on or after day 11. The number of cells undergoing mitosis at grow or grew at a very slow rate in culture, although they were 
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TABLE III. Number of population doublings produced in cultured 
heratinocytes isolated from psoriatic plaque (PP), psoriatic 
uninvolved (PN), and normal (NN) sllin 
Cell Sample s ize Primary culture First passage 
pp 6 3.3 ± 0.5 4.2 ± 0.4 
PN 6 6.3 ± 0.3 4.7 ± 0.1 
NN 6 6.4 ± 0.5 4.3 ± 0.3 
The culture conditions are as described in Table I. 
" Average± SE. 
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FIG 5. Growth characteristics of frrst-passage keratinocytes from PP 
(0), PN (0 ), and NN (6 ) skin. Growth cmve expressed by the average 
of total cell number ± SE per dish (A), basal cell number ±SE per dish 
(B) DNA content, average p.g ± SE per dish (C) . The passaged cells 
were plated on collagen-coated dishes without feeder layers at 40 x 10' 
basal cells/dish and maintained in DMEM with 20% FCS for 3 weeks. 
Primary cultures from which the inocula were derived were grown on 
3T3 feeder layers on collagen-coated dishes, maintained in DMEM 
with 20% FCS supplemented with hydrocortisone, EGF, and cholera 
toxin. Results were the average of 3 separate experiments fro m PP and 
PN of same patient, 4 from NN skin. 
seeded twice or more as h eavily as PN or NN cells. Therefore, 
an attempt was made to correlate the mitotic activity of various 
types of lesions with the growth in culture of cells from those 
lesions. 
Keratinocytes derived from active psoriatic lesions exhibited 
better attachment and displayed polyhedral configurations ear-
lier (2 h after plating) than those from lesions showing less 
mitotic activity or from uninvolved or normal skin. Although 
healthy keratinocyte colonies still existed, many of the· cells 
detached from the culture sw·faces and gathered into cell 
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FIG 6. Degree of cell detachment in passaged PP (0) , PN (0 ), and 
NN (6) keratinocyte cultures. Ordinate represents the accumulated 
total cell number per dish. Cul ture conditions were described in Fig 5. 
Resul ts were from the average of 3 separate experiments fro m PP and 
PN skin, 2 from NN skin. 
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FIG 7. Metabolic activity in passaged PP (0) , PN (0 ), and NN 
(6 ) keratinocytes. Cells were pulsed with ["H]thymidine and 
[ '"C]Ieucine for 3 h as described in the text. Results were the average 
of 6 separate experiments from PP, 8 from PN, 4 from NN skin. Each 
point represents mean ± SE. A, ( "C]Ieucine incorporation. B, 
eHJThymidine incorporation. 
clumps 16 h after plating. D etachment of PP keratinocytes 
derived from less active lesions was not as extensive. Desite 
better attachment, by day 7 the PP kera tinocytes from active 
lesions were just beginning to grow out of the attach ed cell 
masses, while the PN and NN keratinocyte cultures had already 
reached 50% collfluency. The results summarized in T a ble IV 
indicate that the rate of growth in the PP keratinocytes from 
active lesions with a parakeratotic index of 100% and a high 
mitotic index is slower t han that obtained from mild lesions. In 
some cases, t he PP keratinocytes derived from active lesions 
did eventually grow into confluence 4 weeks after plating; 
however, when subcultured, th e cells eith er failed to proliferate 
or were overgrown by fibroblasts. The growth of the PN kera-
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tinocytes was not affected by the types of psoriatic plaques 
(Table IV) . 
DISCUSSION 
Although we have reported cultivation of the PN keratino-
cytes isolated from a 7 -cm2 keratomed piece of skin on a 
collagen surface [23,24], we have not previously been able to 
maintain keratinocytes from the psoriat ic lesions of the same 
patient using the same techniques and culture conditions. This 
is due to the detachment of the early attached PP keratinocytes 
from the culture surfaces and poor growth with a long lag phase 
resulting in an overgrowth of fibroblasts in the cultures. 
Using mitomycin C-treated 3T3 cells as a feeder layer in the 
cultivation of keratinocytes, the proliferat ion of the fibroblasts 
is suppressed while that of the keratinocytes is enha nced [14, 
25]. This enhancement eliminates the need for a high plating 
density in order to obtain a proliferative culture [25] and makes 
it possible to initiate a primary culture with cells derived from 
a punch biopsy. Thus, adequate skin specimens from psoriatic 
and normal volunteers are more readily obtained. The low 
plating efficiency reported originally by Rheinwald and Green 
[25], can be markedly improved by plating keratinocytes on 
collagen-coated dishes with 3T3 feed er layers (Fig 4). With 
improved attachment, the number of cell colonies formed is 
increased and the cultme becomes confluent quickly. Thus, 
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DAYS AFTER PLATING 
Frc 8. Mitotic activity in passaged PP (0), PN (0 ), a nd NN (6 ) 
keratinocytes. Cells on culture dishes were treated wit h vinb lastine 
(0.05 /Lg/ml) for 4 h at t he date indicated as decscribed in the text. 
Results were the ave rage of 3 separate experiments from PP and PN 
skin, 4 from NN skin. Each point represen ts mean ± SE. 
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keratinocytes from psoriatic plaques can be successfully culti-
vated and large quantities of cells obtained through subcultur-
ing. 
Should fibroblasts occur in the cultme, they may be removed 
by treatment of the cultme with collagenase when they first 
appear, usually around day 8. The enzyme removes the fibro-
blasts, endothelial cells, and 3T 3 cells, leaving the keratinocyte 
colonies on the culture dish . H eavy contamination, however, 
requires both collagenase and 0.02% EDT A treatment. 
The confluent primary culture of keratinocytes can be pas-
saged onto a collagen-coated dish without 3T 3 cells and main-
tained as a proliferative population in a medium without the 
supplement of hydrocortisone, EGF, or cholera toxin. These 
techniques provide an excellent tool for research related to 
psoriasis and other hyperproliferative diseases. 
In an attempt to test th e critical hypothesis that the defect 
leading to uncontrolled cell proliferation observed in psoriatic 
epidermis may be located in the cells themselves, we have 
compared the growth profiles of keratinocytes derived from PP, 
PN, and NN skin. We have found no significant elevation in 
the rate of cell growth as evidenced by total cell number in 
primary or passaged cells, cultured in the presence or absence 
of 3T3 feeder layers, respectively (Tables I, II; Fig 5A) in 
kerationcytes isolated from psoriatic skin compared with those 
isolated from normal skin. There is also no significant increase 
in basal cell number (Fig 5B), keratinized cell number (Fig 6), 
or DNA content (Fig 5C) in keratinocytes derived from pso-
riatic skin. The life span of keratinocytes from psoriatic skin is 
not longer than that from normal skin (Table II) , nor are the 
metabolic activities, as measured by the incorporation of 
['3H]thymidine and [ 14C]leucine into DNA and protein, any 
higher. However, we have not yet examined the response of 
these cells to agents known to enhance or inhibit cell growth. 
Therefore, it is too early to reach a definite conclusion that the 
defect(s) responsible for psoriasis does not exist within the 
keratinocytes themselves. 
In an earlier publication [23], using meloplasty skin and 
biopsies from normal individuals as normal controls, we com-
pared the growth profile of PP, PN, and NN keratinocytes and 
concluded that keratinocytes from psoriatic skin (both PP and 
PN) proliferate at a greater rate than do normal cells. By 
comparing the growth, however, between NN keratinocytes 
obtained from meloplasty and biopsy, we have found that 
passaged keratinocytes derived from meloplasty skin do not 
grow as well as those derived from biopsy skin . This may be 
due to the fact that the facial skin has had more exposure to 
sunlight than the lower back area which was the source of the 
PN and NN biopsies. The growth of keratinocytes derived from 
sun-exposed areas of skin has been reported to be slower than 
that from unexposed areas [26]. Thus, it is necessary to obtain 
biopsies from the same area of the body when the cell growth 
profile of 2 individuals is compared. 
TABLE IV. The growth of heratinocytes derived from active and mild psoriatic lesions 
Lesionr• 
Age of Cell donor PI MI 
(%) (#/mm) 
61 19 0.25 pp 
PN 
58 46 1.00 pp 
PN 
51 100 8.7 pp 
PN 
27 100 9.0 pp 
PN 
The culture conditions are as described in Table I. 
" PI = para keratotic index; MI = mitotic index (16]. 
"Total cell number. 
c Basal cell number. 
CeU no. x 10"1/ dish 
Days in culture 
No. of population 
doublings Seeding Yield 
17 16.2 1701' (70)'" 3.3 
17 10.8 448 (312) 5.3 
17 3.6 102 (85) 4.7 
17 1.6 187 (146) 6.8 
14 12.0 34 (22) 1.4 
14 7.2 388 (228) 6.6 
17 8.8 no growth 0 
17 3.4 327 (237) 6.5 
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Keratinocytes from psoriatic plaques appear to grow more 
slowly than those from uninvolved or normal skin in primary 
cultures but not in later passages as shown in Tables I, III, and 
IV. This can be explained by the following: kera tinocytes from 
psoriatic plaques probably disperse into single cells more readily 
during trypsinization than do normal cells; this is likely a 
hindrance to initial growth since cultures initiated as cell clumps 
can quickly form large islands and will usually grow rapidly as 
described by Rheinwald and Green [27]. Another r eason con-
tributing to a slower growth rate may be that fewer basal cells 
remain in the culture since large numbers of initially attached 
cells slough off the culture surface within 2 days after seeding. 
This is especially true in those cultures initiated with cells from 
active lesions. The separation and necrosis of a large portion of 
epidermal cells from a single layer of cells remaining on the 
basement membrane 24 h after initiation of an explant cultw·e 
from psoriatic plaque has been reported by Hambrick and 
Handwerger [28]. These detached, noncultivatable cells may 
represent those keratinocytes consisting of an altered cell sur-
face described by the Orfanos eta! [4] and Gommans eta! [29]. 
Passaged PP keratinocytes probably are the daughter cells of 
viable basal cells. Thus, it would be a mistake to conclude that 
PP keratinocytes proliferate at a slow rate. 
The incorporation of [3H)thymidine into DNA in passaged 
PP keratinocytes as summarized in Fig 7 B is significantly lower 
than that in PN and NN keratinocytes on day 3. We do not 
conclude, however, that DNA synthesis in PP keratinocytes is 
diminished since culture cells depend also on de novo DNA 
synthesis and the activity of thymidine kinase decreases during 
the proliferative growth phase [30]. 
Waves in protein and DNA synthesis that coincide with 
peaks in the mitotic index on days 3 and 8, and the sharp 
decrease on day 6, strongly suggest that passaged cells, either 
from psoriatic or normal skin, are synchronized during subcul-
turing. On day 3 after subculturing, when the basal cell popu-
lation decreases to a minimum in PP, PN and NN keratinocyte 
cultures (Fig 5B), the cells show high levels of metabolic and 
mitotic activity, indicating that a large percentage of the kera-
tinocytes are dividing cells. On day 8 however, when the cul-
tures become multilayered (SC Liu and AJ Cox, unpublished 
data) and the mitotic index reaches its highest peak, a large 
proportion of cells begins to enter into a nonproliferative state 
with a lower metabolic activity. After day 10, when the basal 
cell number peaks (Fig 5B), the majority of the cells in the 
cultures are no longer dividing. The total cell number reaches 
a plateau after day 14 (Fig. 5A ), but the proportion of basal 
cells decreases (Fig 5B) , and the mitotic and metabolic activities 
are very low (Figs 7, 8). These findings indicate that the 
passaged cells consist of actively dividing cells during the first 
week after subculturing and then are replaced by a nondividing 
population after day 10. 
We conclude that no significant difference exists in the 
growth rate of keratinocytes isolated from psoriatic and normal 
skin under the culture conditions described. However, it re-
mains to be determined whether keratinocytes from psoriatic 
and normal skin respond to agents known to enhance or inhibit 
cell growth. Our preliminary data (not shown) indicate a differ-
ent growth response in PN and NN keratinocytes exposed to 
sera collected from psoriatic patients during a time of intense 
disease activity. Our success in being able to grow large quan-
tities of cells from normal and diseased skin in a chemically 
defmed medium plus serum provides us an excellent opportu-
nity to investigate the control of cell proliferation. 
We wish to acknowledge Drs. Vera Morhenn," Chung-H. Hu, and 
Heidi Fleischmann for obtaining skin biopsies; Dr. Alvin Cox for 
evaluating the histologic features; Drs. Alvin Cox and Jonathan Mans-
bridge for critically reviewing the manuscript; and Kathy Meagher for 
technical assistance. 
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